Context. Radio and X-ray emission of AGN appears to be correlated. The details of the underlying physical processes, however, are still not fully understood, i.e., to what extent is the X-ray and radio emission originating from the same relativistic particles or from the accretion-disk or corona or both. Aims. We study the cm radio emission of an SDSS/ROSAT/FIRST matched sample of 13 X-raying AGN in the redshift range 0.11 ≤ z ≤ 0.37 at high angular resolution with the goal of searching for jet structures or diffuse, extended emission on sub-kpc scales. Methods. We use MERLIN at 18 cm for all objects and Western EVN at 18 cm for four objects to study the radio emission on scales of ∼500 pc and ∼40 pc for the MERLIN and EVN observations, respectively. Results. The detected emission is dominated by compact nuclear radio structures. We find no kpc collimated jet structures. The EVN data indicate for compact nuclei on 40 pc scales, with brightness temperatures typical for accretion-disk scenarios. Comparison with FIRST shows that the 18 cm emission is resolved out up to 50% by MERLIN. Star-formation rates based on large aperture SDSS spectra are generally too small to produce considerable contamination of the nuclear radio emission. We can, therefore, assume the 18 cm flux densities to be produced in the nuclei of the AGN. Together with the ROSAT soft X-ray luminosities and black hole mass estimates from the literature, our sample objects follow closely the Merloni et al. fundamental plane relation, which appears to trace the accretion processes. Detailed X-ray spectral modeling from deeper hard X-ray observations and higher angular resolution at radio wavelengths are required to further proceed in the disentangling of jet and accretion related processes.
Introduction
X-rays have turned out to be efficient tracers of nuclear activity in active galactic nuclei (AGN) (Brandt & Hasinger 2005) . Current models suggest that the observed X-rays are produced in the accretion flow onto the central supermassive black hole (SMBH), with soft X-rays typically originating from the accretion disk and hard, comptonized X-rays from a corona surrounding the accretion disk (e.g., Shields 1978; Haardt & Maraschi 1991; Perola et al. 2002) .
Related to the accretion phenomenon is the observation of jets, outflows which consist of charged particles (primarily electrons) accelerated to relativistic velocities. The electrons give rise to the observed synchrotron spectrum at radio frequencies (e.g., Bridle & Perley 1984) . Some AGN, however, show flat radio spectra, which is interpreted as self-absorbed synchrotron radiation of multiple jet knots (e.g., Cotton et al. 1980) . Several studies of radio and X-ray detected AGN have resulted in an apparent correlation between the radio and X-ray luminosities (e.g., Salvato et al. 2004; Brinkmann et al. 2000) , suggesting a common physical ground of both phenomena. Together with the associated black-hole mass, these three values determine the location of objects in the fundamental plane of black hole activity (FP; e.g., Falcke et al. 2004; Merloni et al. 2003) . It is, however, still not clear what the physical relation between the three properties is. Several structural components (accretion disk, corona, jet, disk wind) and physical processes (syn-chrotron, (inverse) Compton, bremsstrahlung, relativistic beaming) can contribute to the total radio and X-ray output (e.g., Narayan et al. 1998; Heinz & Merloni 2004; Yuan et al. 2005; Steenbrugge et al. 2011 ). Their relative importance of which appears to depend on the accretion efficiency, the black hole mass, and potentially the black hole spin (e.g., Körding et al. 2006; Sikora et al. 2007 ). This, however, renders a simple interpretation of the FP, i.e. identification of physical processes by locus in the FP, impractical, at least for individual objects.
Rather, there appears to be a range of different FPs, depending on object class, i.e. the predominant physical processes. Detailed analyses are, therefore, necessary, in order to properly disentangle star formation, accretion flow, and jet emission from each other in the circumnuclear environment of AGN. This is especially important at higher redshifts, for which the probed linear scales become increasingly larger and the surface brightnesses increasingly dimmer. Sensitive, high angular resolution observations at radio wavelengths are helpful in this respect, as they allow to assess the presence and importance of jet emission, relativistic beaming, and star formation, based on radio morphology and radio spectral index. For example, Japanese VLBI Network (JVN) milli arc-second angular resolution (∼ 4 mas) observations of three z ∼ 0.2 RL NLS1 galaxies (Doi et al. 2007) show unresolved nuclei on pc scales and brightness temperatures, as well as, spectral properties indicative for relativistically beamed emission. Ulvestad et al. (2005) carried out VLBA imaging of RQ QSOs at mas resolution. Two objects of their sample are at z ≈ 0.2 and either show a jet or a self-absorbed, compact synchrotron source. According to the ratio of their X-ray and radio fluxes, they appear to be rather radio loud (cf., Terashima & Wilson 2003) . Based on VLBA observations, Blundell & Beasley (1998) find strong evidence for jet-producing central engines for some of their RQ QSOs, in the form of relativistically beamed radio emission. These objects show relativistically beamed emission. Leipski et al. (2006) present VLA configuration A and B imaging of z ≈ 0.2 RQ QSOs and low-z Seyfert galaxies. The radio structures found in such QSOs resemble those of jets and outflows, and the authors propose RQ QSOs to be up-scaled versions of Seyfert galaxies. A question, however, remains, why these objects cannot form the powerful jets as have been found in RL QSOs, although they possess the jet-producing central engine. Steenbrugge et al. (2011) follow the idea that the radio emission of RQ QSOs is produced by free-free emission in the optically thin part of an accretion disc wind. Studying RQ Palomar Green QSOs (PG QSOs) in X-rays and in the radio at sub arc-second resolution, they found that only in two out of twenty objects, bremsstrahlung might contribute to the nuclear radio emission. The QSOs investigated in the literature so far are among the brightest members of the intermediate redshift AGN population. Studying the radio properties of less luminous QSOs, therefore, allows to probe and extend the parameter space of relevant physical processes to less powerful and more abundant QSOs.
In the following, we present radio interferometric 18 cm continuum observations of 13 optically selected, X-ray bright AGN to further investigate the radio/X-ray correlation for intermediate redshift AGN. Section 2 describes the sample and Sect. 3 the observations. Section 4 presents the results and a discussion in the context of the radio/X-ray correlation, concluded by a summary in Sect. 5. The Appendix provides notes on individual targets. Throughout this work, we use a cosmology with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7 (Spergel et al. 2003) .
The sample
The space density of luminous AGN is very low in the nearby Universe (e.g., Schulze et al. 2009 ). In order to study the (circum-) nuclear energetics in such AGN, one has to resort to a larger cosmological volume. Increased projected linear scales and surface-brightness dimming, however, make more distant galaxies harder to interpret. A proper disentanglement of Seyfert and star-formation features benefits from radio-interferometric observations. These are possible with current observatories like the Multi-Element Radio Linked Interferometer Network (MERLIN) or the European Very Long Baseline Interferometer Network (EVN). Observations of luminous, intermediate redshift AGN have the potential to impart means to connect the physical drivers in terms of fueling and feedback of low-redshift and less powerful AGN to those of high-redshift, very powerful AGN.
The 13 targets 1 presented in this work are based on a cross-match between the Sloan Digital Sky Survey 2nd data release (SDSS DR2, Abazajian et al. 2004 ) and the ROSAT All Sky Survey (RASS, Voges et al. 1999) . From the SDSS, we have chosen only those objects, for which an optical spectrum has been measured. The SDSS/RASS pairs were subsequently matched with the VLA Faint Images of the Radio Sky at Twenty 1 The last four objects in Tab. 1 have nearby (< 40 ′′ ), bright (r < 15 mag) guide stars and are suitable for adaptive optics assisted followup observations of their host galaxies at near-IR wavelengths (cf., Zuther et al. 2009). centimeters survey (FIRST, Becker et al. 1995) . FIRST provides better than 5 ′′ angular resolution. SDSS, RASS, and FIRST are very well matched in terms of sky coverage and sensitivity (Anderson et al. 2003) . For this pilot study, we specifically selected intermediate redshift objects (0.1 < z < 0.4) from the matched sample, which lie close to the classical Seyfert/QSO luminosity demarcation (i.e., M i = −22 Schneider et al. 2003) and which encompass different spectral types of AGN (i.e., Seyfert 1, Narrow Line Seyfert 1, LINER, radio galaxy; cf., Tab. 1 for individual classes). These targets, for given redshift, are less luminous than the well-studied PG QSOs (by about 2 mag at V band; cf., Laor & Behar 2008) . Furthermore, we selected only FIRST-unresolved RQ to radio-intermediate objects. They have milli-Jansky flux densities, making them accessible for sensitive radio interferometric observations and allow us to investigate the nature of their core radio emission. The details of the Xray/optical matching are described in Zuther et al. (2009) . The matched sample, at this point, is by no means complete, because of the selection of specific AGN classes from the quite small initial crossmatched sample (about 100 objects). Resorting to more recent versions of crossmatched samples (e.g., Anderson et al. 2007; Vitale et al. 2012, submitted to A&A; Zuther et al. in prep.;  based on more recent SDSS data releases), allow for the selection of statistically more relevant subsamples of individual AGN classes (e.g., NLS1s) for high angular resolution follow-up studies. Table 1 lists basic source parameters: ID 2 (1), SDSS name (2), redshift (3), spectroscopic class (4), local environment (5), extinction-corrected SDSS absolute i-band psf magnitude (6), FIRST 20 cm peak flux density in mJy (7), FIRST beam size in sqarcsec (8), logarithm of radio loudness (9), logarithmic units of ROSAT 0.1-2.4 keV flux in erg s −1 (10), and logarithmic units of the black hole mass in M ⊙ (11) . The absolute i-band magnitude has been calculated, assuming a power-law 3 at visible wavelength with index α vis = 0.5 (e.g., Anderson et al. 2003) and a K-correction of the form F i = F o (1 + z) α−1 (Peterson 1997) . The radio loudness is defined as R * = f 5 GHz / f 2500Å (e.g., Kellermann et al. 1989) . In the radio domain we use a power-law index α r = 0.7 (e.g., Hill et al. 2001 ) in order to estimate the rest-frame 6 cm flux density. The 2500Å flux density was estimated from the SDSS g PSF magnitude, using the above α vis . Objects clearly above log R * > 1 are usually described as radio loud (RL). Very powerful ones can even reach R * > 3 (cf., Ivezić et al. 2002) . X-ray fluxes have been computed by converting the X-ray counts to flux using PIMMS 4 and assuming an absorbed power-law with an energy index α X = 1.5 (cf., Anderson et al. 2003) 5 . The absorbing column densities are Galactic values and were determined from the H I map of Dickey & Lockman (1990) . Black holes masses have been taken from the literature (see Tab. 1) and are based on a combination of the measurements of the width of broad components of Hydrogen recombination lines and the luminosity-radius relation of broad-line AGN (e.g., Kaspi et al. 2005) . For (SDSS J150407.51-024816.5 [4] and SDSS J010649.39+010322.4 [5]), we measured the [SII] line dispersions as tracers of the bulge stellar velocity dispersion from their SDSS spectra and employed the M • − σ * relation as discussed in Komossa & Xu (2007) . However, the values are Brinkmann et al. (2000) . Figure 1 shows the radio/X-ray correlation for our sample. For comparison we also show the SDSS/ROSAT/FIRST based broad line AGN (BLAGN) sample of Li et al. (2008) , together with the fit for RQ QSOs from (Brinkmann et al. 2000) . The BLAGN sample is split into a RQ (×) and a RL (+) sub sample. The radio loud objects harbor more massive black holes than the RQ ones, though the dependence on black-hole mass appears to be most intense at lower radio powers (cf., Fig. 4 in Li et al. 2008) . The RQ correlation has a slope of unity, indicating that the core radio emission is a direct tracer of the nuclear activity. Our targets follow the RQ relation closely, with the exception of target 11, this source, however, has a strong, extended jet component. At high radio powers, the RL BLAGN significantly deviate from the RQ relation, indicating that the jet component becomes dominant. If the X-ray emission still originates from (or close to) the accretion disk, while the radio emission is coming from the jet, then a deviation from the RQ correlation is expected.
MERLIN and EVN observations
We acquired 18 cm continuum snapshots of the 13 X-ray bright AGN introduced in Sect. 2 using MERLIN. For four objects we also obtained 18 cm Western EVN (using the stations Effelsberg, Medicina, Westerbork, Onsala [85 ft.], Torun, Noto, and Jodrell Bank [Lovell] ) observations at higher angular resolution. Target 4 was, furthermore, studied with the same Western EVN at 6 cm. All observations were carried out in phase-referencing mode, i.e. the target scans were alternated with scans of a nearby phase reference. The observations were distributed over several hour angles to ensure a more homogeneous uv coverage. Table 2 gives an overview of the individual observing runs, including the date of observations (2), radio observatory (3), exposure time (4), and the associated phase calibrators (5). For the MERLIN data, we checked the suitability of the pipeline results (amplitude-, phase calibration, flagging of the phase calibrator) and applied further flagging of the target amplitudes and phases before imaging with the data reduction package AIPS 6 (Wells 1985) . For the EVN data, we carried out flagging, amplitude/phase calibration and fringe fitting with AIPS before imaging, according to standard reduction recipes 7 .
Results and discussion
Cleaning and self calibrating the images with Difmap Table 3 . 10 The table furthermore lists source properties like peak flux density, major and minor axes of a Gaussian fit to the central component, and the extent of the central component, measured as ǫ = F int /F peak (cf., Ivezić et al. 2002) . Sources with ǫ > 1 are extended.
All targets, except SDSS J134420.87+663717.6 [13], have been detected with MERLIN and EVN. Noise levels range from 0.07 − 0.6 mJy in the MERLIN images and 0.06 − 1.14 mJy in the EVN images. As can be deduced from the maps, all detected sources are dominated by a nuclear component. The extent parameter indicates that these nuclear components are marginally resolved (ǫ ∼ 1.16). Note that the boundary between unresolved and resolved source is not sharp, since errors in the estimation of peak and integrated flux densities have to be taken into account. Assuming 10% errors of the flux measurements (which is the mean error for all our measurements), results in a ∼ 10% error for ǫ. This means that ǫ = 0.9 and ǫ = 1.1 have the same meaning. Targets SDSS J030639.57+000343.1 [7] and SDSS J080644.41+484149.2 [11] show the most extended structures according to their ǫ. A special case is target [4] , for which we detected a second strong nuclear component (also see App. A for further discussion). This is the only source that was also targeted at 6 cm. Both components were detected at 6 cm, but only the stronger component was detected at 18 cm (Fig. 3) . Bad weather conditions during the 18 cm run could have partially been responsible for a reduced sensitivity outside the image center. Fig. 4 displays the brightness temperature versus the radioderived star-formation rate (SFR). As discussed below (Sect. 4.2), the SFR is proportional to the radio luminosity density. Therefore, the figure also displays the variation of peak flux density with used array (VLA -MERLIN -EVN; i.e., the probed angular scales). For most sources, a trend of decreasing peak flux densities of the central marginally resolved point source with increasing angular resolution is evident. This is consistent with the idea of attributing part of the radio emission (up to 50% from FIRST to MERLIN) to extended jet structures or star-formation. These features are just resolved out by the longer baselines. Variability of the nuclear source can also account to some degree for the differences between the multi-epoch/multi-aperture data. As will be discussed in the next Section, the increased peak flux densities for some sources (1, 4, 10, 12) at later epochs clearly point towards variability. For those sources, where the peak flux density at later epochs is decreasing, we cannot clearly distinguish between the two effects.
Extended emission
The sources of this sample -except target 11, which shows a compact core plus two distant lobes -are unresolved on FIRST scales. We can, therefore, compare the integrated flux density in the MERLIN images, F peak × ǫ 2 , with that of the FIRST peak flux densities (Tab. 3).
11 Four (5, 6, 8, 12 ) of the 11 MERLIN detections (ignoring the double source 4 for the moment) are clearly fainter on MERLIN than on FIRST scales, indicating resolved extended emission. The resolved fractions reach up to 70%. Another four sources (2, 3, 9, 10) have integrated MERLIN flux densities similar to the FIRST peak flux density, indicating that most of the flux is still contained in the compact nuclear component. The remaining three sources (1, 7, 11) are clearly brighter on MERLIN scales, indicating for variability. In addition to source intrinsic processes, interstellar scintillation in our Galaxy can be responsible for part of the observed variability (e.g., Draine 2011). This is particularly important in the 3-8 GHz regime and due to changing sight lines through the interstellar medium to the target during the motion of the Earth around the sun. It has been observed that the variability amplitude of compact (on VLBI scales) cores of QSOs related to this phenomenon is typically up to 25% (e.g., Quirrenbach et al. 1992 ). We, therefore, checked the 60 µm and 100 µm IRAS maps around the positions of our sample objects for Galactic cirrus emission (cf., Jakobsen et al. 1987 ) and the maps for local (within a few parsecs) turbulent warm interstellar clouds (Linsky et al. 2008) . We find that scintillation potentially contributes to the variability of our sources. In terms of differential cloud velocity (Linsky et al. 2008) , sources 10 and 12 are the least, and source 1 is most stronly affected by scintillation. Without any further correction for this effect, the measured core fluxes of our targets are constant on that level, and excess variation is most likely due to source intrinsic properties (i.e., extended emission or variability of the central engine). Nevertheless, our basic conclusions regarding the radio loudness and the location in the fundamental plane, as discussed in the following sections, are not hampered by this effect. Further (pseudo-simultaneous) multiwavelength observations are required to resolve the ambiguity between variability due to jet/AGN or supernovae or interstellar scintillation contributions.
Importance of star formation 4.2.1. Brightness temperatures
The brightness temperature, T B , helps distinguishing between emission mechanisms. The angular size of the restoring beam can be used to determine T B , corresponding to the unresolved nuclear radio flux:
where c is the speed of light, ν the frequency, k the Boltzmann constant, and I ν the specific monochromatic intensity, which is the specific flux density divided by the solid angle Ω, the extent of the radio emitter. The solid angle is approximately Ω ≈ θ major × θ minor of the unresolved source component. The factor (1+z) accounts for the redshift of the source. The typical temperature of an HII region is of the order of 10 4 K. Brightness temperatures well above 10 4 K (typical for star-forming galaxies, e.g., Condon et al. 1982) , are unlikely due to star formation (cf., discussion in Krips et al. 2007 ). The effective temperature of radiation for classical accretion disks is in the range 10 5 − 10 7 K (cf., Narayan et al. 1998) . Brightness temperatures in excess of 10 7 K are related to nonthermal processes, at very high levels (> 10 9 K) supposedly to relativistically beamed jet emission (e.g., Readhead 1994) . Table 3 At least for the EVN data the values are too high to be dominated by star formation.
Star-formation indicators
A large body of work on star-forming galaxies shows correlations between X-ray/FIR (e.g., David et al. 1992) , and radio/FIR (e.g., Condon et al. 1991) , as well as calibrations of supernova and star-formation rates (e.g., Condon 1992; Hill et al. 2001; Hopkins et al. 2003; Bell 2003) , which allow us to test the hypothesis that the nuclear emission is dominated by star formation. First, we can estimate star-formation rates and FIR luminosities from our radio measurements. We will use the 18 cm flux densities directly, since, for reasonably flat spectra of radio emission, the differences between 18 cm and 20 cm flux densities are negligible. Star-formation rate is, according to Bell (2003) , related to the 20 cm luminosity density by
The estimated SFRs for the FIRST, MERLIN, and EVN measurements are listed in Tab. 3. For about half of the sources the SFRs are > 100 and reach up to 10 4 M ⊙ yr −1 . Hopkins et al. (2003) find SFRs 100 M ⊙ yr −1 for most of their SDSS-based sample of inactive galaxies. There are extreme examples of starbursts/interacting galaxies with SFRs of up to 1000 M ⊙ yr −1 (cf., Kennicutt 1998). These objects, however, are ultraluminous infrared galaxies (ULIGs, e.g., Sanders & Mirabel 1996) . We can also estimate the infrared (IR) flux in case that all radio emission is due to star formation, i.e. re-radiation of hot dust. We use the radio-SFR in Eq. (4) of Kennicutt (1998) . For most of our objects the estimated IR luminosity falls in the regime of ULIGs. As such, they should have been detected by IRAS. 12 Supernovae are the end product of massive star formation. There appear to be exceptionally bright type-2 radio supernovae (RSNe). Following (Hill et al. 2001) , we compare our core flux densities with that of one of the brightest supernovae, SN1986J in NGC 891 (Weiler et al. 1990) shifted to the average redshift of our sample (z ∼ 0.2). The 20 cm and 6 cm light curves peak at about 130 mJy. Our sample is about 1000 times more distant than NGC 891. In order to contribute significantly to the unresolved core emission, of the order of 10-100 RSNe have to be involved. This is quite high, especially when considering the small volume sampled by the EVN observations (cf., Terlevich et al. 1992; Muxlow et al. 1994) . Furthermore, assuming that all of the radio flux has a non-thermal origin, we can estimate the type-II supernova rate (SNR) according to Condon & Yin (1990) :
where α ∼ −0.8 is the nonthermal radio spectral index and L NT is the nonthermal component of the radio emission. Tab. 3 lists the estimated SNRs, which range from 0.1-83 yr −1 . Starburst galaxies show SNRs of the order of 10 yr −1 (e.g., Mannucci et al. 2003) , whereas Seyferts, with some exceptions, show SNRs of the order of 1 yr −1 (e.g., Hill et al. 2001; Laine et al. 2006 ). Furthermore, we can use the the [OII]λ3728Å luminosity, measured from the SDSS spectra, to estimate SFRs (e.g., Hopkins et al. 2003; Kennicutt 1998 2008) . In our sample the median [OII]/[OIII]= 0.53, ranging from 0.13 to 4.9. Except for the two LINER galaxies [4, 5] , which show the highest ratio in excess of a factor of about 15 over the typical type-1 AGN value, the ratios are quite similar to type-1 ionization. We follow the prescription of Ho (2005) in estimating [OII]-based SFRs. At this point we neglect excitation of [OII] via shocks. These might be important for LINERs (Heckman 1980 ) and in such cases, we overpredict the [OII]-based SFRs. With the Kennicutt (1998) calibration, we then find a median SFR of about 7.3 M ⊙ yr −1 , ranging from 0.4 to 71 M ⊙ yr −1 . This demonstrates that star formation contributes to the overall emission. However, inverting Eq. 2 to estimate radio luminosities based on the [OII]-derived SFRs and comparing with Tab. 3, especially with those SFRs derived from our MERLIN and EVN data, shows that star formation cannot explain the compact radio emission of our sources. The [OII]-based radio luminosities are at least an order of magnitude below those of the observed radio luminosities. There appear to be two exceptions, sources [5] and [6], for which [OII] and radio SFRs are of the same order of magnitude and are comparably small. Target [5] is one of the two LINER galaxies in our sample. The fact that the SFRs are of the same order of magnitude might be misleading, since part of the [OII] emission is likely to be excited by shocks as mentioned above. Note that the 3 ′′ diameter SDSS fibers probe galactic scales of the order of 10 kpc at the average redshift of our sample, whereas MERLIN probes ten times smaller scales. In that sense, the SDSS fibers much better couple to the FIRST beam size of about 5 ′′ and probably much of the star formation is extended throughout the host galaxies. A direct comparison of the MERLIN and EVN based with the [OII] based SFRs has to taken with caution and should only be regarded as a coarse indicator for the contribution of star formation to the radio emission. Fig. 4 summarizes the situation based on brightness temperature and radio SFR. With higher angular resolution (MERLIN) part of the emission is resolved out. The exceptions mentioned at the end of the previous paragraph consistently are on the left side of the diagram. With still increasing angular resolution (EVN), however, the nuclear emission is rather unresolved, the SFR remains constant, and the brightness temperature increases. The EVN cores are, therefore, likely due to nonstellar nuclear processes, being consistent with the AGN nature of the visible spectra. 
The radio/X-ray connection
In the previous section we have seen that for most of the sample objects the compact (i.e., unresolved) radio emission is of non-stellar origin. We can combine our high angular resolution 18 cm observations with archival soft X-ray data to bring our sources in context with the radio/X-ray correlation. We will show that the sources of our sample follow the general trends of the X-ray/radio correlation and that they are consistent with the fundamental plane relation of Merloni et al. (2003) , which rather traces the accretion flow than the connection with the (radio) jet. Since the X-ray and radio data are not from the same epoch, we cannot exclude that variability has affected the fluxes in each of the components. Here, we assume that the measured fluxes are representative for the average flux levels of the presented AGN. At radio frequencies (Fig. 4) , all but two sources present decreasing flux-density values on MERLIN scales, while on EVN scales mostly the level of the FIRST flux density is reached. Considering the SDSS/ROSAT/FIRST BLAGN sample of Li et al. (2008) , the large number of objects provides statistical trends for the population. As will be discussed in the following paragraphs, the objects presented in this work are following these general trends, indicating that variability does not have a significant impact. Concerning the X-ray domain, three objects (4, 5, and 12) are located close to/at the centers of clusters of galaxies. Therefore, a significant fraction of the X-rays originates from the hot intracluster gas and will bias our results (see App. A).
Radio loudness
Radio loudness and the nature of its apparent dichotomy (RL and RQ AGN) are still a matter of debate. Selection effects seem to play an important role. However, when conducting deep radio observations, AGN appear to show a rather continuous distribution of the radio loudness (e.g., Cirasuolo et al. 2003) . Nevertheless, work on large SDSS-based samples still recovers a bimodality (Ivezić et al. 2002) . RL AGN are associated with the largest black-hole masses and early-type host galaxies, while late-type galaxies almost exclusively host RQ AGN (2007), blue crosses radio galaxies from Balmaverde & Capetti (2006) . Cyan diamonds are soft X-ray selected NLS1s from Grupe et al. (2004) . Light grey plus signs are BLAGN from Li et al. (2008) . Japanese VLBI observations of two of them are represented by orange pentagons (Doi et al. 2007) . Note that only our data as well as those of Ulvestad et al. and Doi et al. are based on high angular resolution radio observations. The dotted horizontal and vertical lines mark the refined RL/RQ demarcation from .
(e.g., Hamilton 2010). On the other hand, using high angular resolution in the radio (e.g., VLA) and the visible (e.g., HST), even classical low redshift RQ AGN and low luminosity AGN (despite their low intrinsic power) turn out to have RL cores (Ho & Peng 2001) . This emphasizes the importance of angular resolution and sensitivity for a thorough classification. Terashima & Wilson (2003) introduced a new measurement of the radio loudness. They compute the ratio of 5 GHz over hard X-ray flux, RX = νS ν (5 GHz)/S (2 − 10 keV). The use of X-ray flux should overcome extinction effects that are important at visible wavelengths. The unresolved nuclear X-ray source is also more reliably connected to the AGN than the visible emission, which could be contaminated by host galaxy light. Figure  5 displays the ratio of radio over X-ray luminosity versus classical radio loudness. Also indicated are lines of constant optical over X-ray luminosity. The dotted horizontal and vertical lines show the refined RQ/RL separation by . Our data points are shown as filled black (MERLIN) and red (EVN) symbols. The shapes of the symbols are as in Fig. 1 . Our data points populate the RQ region between 1 ≤ O/X ≤ 10. The two LINERs (4 and 5, filled stars) and the passive galaxy (12, filled circle) show a relative increased X-ray contribution due to X-rays from the harboring galaxy clusters. The large ROSAT beam does not allow us at this point to decompose the X-ray emission into AGN and cluster emission. As discussed above, in 11 of 13 cases, the MERLIN observations resolve out 15-80% (with an average of about 41%) of the FIRST detected emission (assuming no contribution by variability). This means that the AGN become more radio quiet, and this effects moves the data points along O/X = const lines; e.g. a 50% resolved fraction of the MERLIN data would move the corresponding FIRST data points by −0.3dex along log R X and log R * . For comparison, we present data from various related studies. We actually show the 0.1-2.4 keV instead of the 2-10 keV fluxes. As noted by Ulvestad et al. (2005) , applying the commonly used X-ray photon index of Γ = 2 in computing the 2-10 keV flux results in an average reduction of the X-ray flux by a factor of 2. We, therefore, multiplied the 2-10 keV fluxes of the comparison objects by that factor, missing knowledge on the X-ray spectra justifies such a procedure.
13 Small, grey symbols show SDSS/ROSAT/FIRST-based BLAGN (< z >= 0.67 ± 0.49 for 0.02 < z < 2.17) from Li et al. (2008) . Black hole masses range from 10 6−8 M ⊙ (< M • >= 3 × 10 8 M ⊙ ). The data span four decades of radio loudness and closely follow the O/X = 1 line. According to the revised RQ/RL separation by about 12% of their sample can be classified as RL. In contrast, using the classical definition, 69% of their sample is RL. The nearby (z < 0.015) low luminosity AGN (type-1, type-2 and LINER/HII) from are shown as green hexagons. Black hole masses are in the range 10 5−8 M ⊙ with a peak just below 10 8 M ⊙ (Panessa et al. 2006 ). Open cyan diamonds are soft X-ray selected NLS1 galaxies (with 0.017 < z < 0.27) from Grupe et al. (2004) . The RQ NLS1s have likely rather small black-hole masses of around 10 6 M ⊙ 14 . Blue crosses are core radio galaxies and low luminosity radio galaxies (with 0.003 < z < 0.01) from the study of Balmaverde & Capetti (2006) . These objects are clearly radio loud and have a mean black hole mass of ∼ 4 × 10 8 M ⊙ . Among high angular resolution studies, we show QSOs studied with VLBA (on mas scales) by Ulvestad et al. (2005, open, magenta, upright triangles) . The RQ QSOs (based on the samples of Barvainis et al. 1996; Barvainis & Lonsdale 1997) are mostly unresolved on VLBA scales, exhibit brightness temperatures of about 10 9 K, and have typical black hole masses of around 10 9 M ⊙ . The RQ QSOs clearly populate a different region (O/X ≈ 100) than the other RQ AGN presented in the figure. The RL QSOs are similar in their radio loudness characteristics to those from the other studies. Orange pentagons are JVN observations of two NLS1s by Doi et al. (2007) . They have black hole masses of about 10 7 M ⊙ and are also part of the Li et al. (2008) sample. The JVN data are spatially unresolved on mas scales and brightness temperatures in excess of 10 7 K. In Fig. 5 , most of the data points lie between 1 O/X 10, especially those of the BLAGN from Li et al. (2008) scatter around the O/X = 1 line. In the RQ domain, Ulvestad et al. (2005) find slight indications for increasing O/X for decreasing R * . The authors discuss that this effect could be related to an increased X-ray contribution by inverse Compton up-scattered photons from the base of the jet for RL objects. For RL objects, especially radio galaxies, O/X can again reach values > ∼ 10. Interestingly, the RQ objects with the highest R X are broad absorption line QSOs, which are known to be X-ray faint and it is still being a matter of discussion, whether the X-ray faint-ness is due to extinction (e.g., Miller et al. 2009; Blustin et al. 2008) . In case extinction is important, R * in these objects could be biased and corrected values could actually be located in the RL domain. One has to emphasize the importance of thoroughly studying the nuclear radio to X-ray emission in order to derive the intrinsic nuclear continuum (cf., Ho & Peng 2001) . Angular resolution varies with telescope and observing wavelength. Accordingly, over a range in target redshift, a wide range in linear scales will be probed by the observations. In case of the Li et al. (2008) sample, the linear scales probed range from ∼ 0.4 − 8.5kpc/ ′′ . Contamination by host galaxy emission or extended jet structures makes comparison between individual works difficult. Despite a quite low angular resolution, in the Xray domain, the high luminosity can generally be solely ascribed to the AGN (cf., discussion in Panessa et al. 2005) . Galaxy clusters with significant extended X-ray emission present an exception. Here, high angular resolution and X-ray spectral information are necessary.
In general, R X and R * are well correlated and can, apparently, both be used to assess the radio loudness of AGN.
Eddington Ratio
Assuming spherical accretion, for given black hole mass, the Eddington luminosity L Edd calculates as L Edd ≈ 1.26
where L bol is the bolometric luminosity, can be calculated with an estimate of the bolometric luminosity based on the rest-frame 5100Å luminosity density (Vestergaard 2004) 15 : L bol ≈ 9.47 × λL λ (5100Å) erg s −1 . The bolometric luminosity of AGN is proportional to the accretion rate L bol ∝Ṁ • c 2 , therefore η ∝ M • /Ṁ Edd is an indirect measure of the accretion rate relative to the Eddington rate. Accretion scenarios are, generally, more complex than the spherical case. Barai et al. (2011) , for example, carry out simulations of non-spherical accretion onto an SMBH and find deviations of spherical accretion as a function of the Xray luminosity. In units of the Eddington luminosity, they find that for low L X ≈ 0.005, gas accretes in a spherical fashion, whereas, for intermediate L X ≈ 0.02, the flow develops prominent non-spherical features. The latter being a mixture of cold gas clumps falling towards the SMBH, forming a filamentary structure and hot gas being slowed down or even driven outwards again due to buoyancy. The objects presented here cover the whole range of L X values. Our targets, as well as the BLAGN have L X ∼ 0.2 (cf., Fig. 6 and discussion in Sect. 4.3.3). At face value, the Eddington ratio has to be taken with care and provides only a coarse impression of the accretion efficiency. For our sample, we find a range of Eddington ratios. Table 4 lists the Eddington ratios for the 11 objects with SMBH mass estimates, together with the ratio of soft X-ray over Eddington luminosity. On average η = 0.18. The NLS1s have the highest Eddington ratios, η ∼ 0.45, whereas the two LINERs and the RL QSO (515) have the lowest ratios, η ∼ 0.06. These values are typical for luminous AGN (e.g., Greene & Ho 2007) . Here, η for the LINERs is on the high end of values found (e.g., Dudik et al. 2005) , whereas η for the NLS1s is on the low end of values found for this class (e.g., Bian & Zhao 2004) . We recognize a trend of decreasing η with increasing M • , which is commonly found for AGN (Greene & Ho 2007) . For estimating the bolometric luminosities, we have fitted the rest-frame shifted SDSS spectra with a linear combination of a power law and two stellar population templates (young and old), including reddening in all components, to get an impression of a possible host galaxy contribution (cf., Zuther 2007) . For the SY1s and NLS1s we find no significant host galaxy contributions in the spectra and therefore extract the foreground extinction corrected 5100Å fluxes directly from the spectra. For the two LINER sources we have used our host-subtracted estimates of the 5100Å luminosity density. It has to be noted that the bolometric correction applied as described above is, strictly speaking, valid only in a statistical sense, since the bolometric luminosity strongly depends on the shape of the spectral energy distribution of the individual objects (cf., Ho 2008) .
The fundamental plane of black hole activity
It has been recognized that stellar-mass black holes and supermassive black holes share a common black hole fundamental plane (FP), spanned by the three parameters X-ray luminosity, radio luminosity, and black hole mass (e.g., Gallo et al. 2003; Merloni et al. 2003; Falcke et al. 2004 
This relation (i.e., its correlation coefficients) implies a fundamental connection between radio and X-ray emission producing processes. The Merloni et al. (2003) fit gives ζ RX = 0.6 ± 0.11, ζ RM = 0.78
−0.09 , and C = 7.33 +4.05 −4.07 . Currently, the FP is interpreted in the context of synchrotron emission from a jet (both in the radio and X-ray regime, e.g., Falcke et al. 2004; Yuan et al. 2009 ) or an advection-dominated accretion flow producing X-rays together with a jet visible in the radio (Merloni et al. 2003) . There are, however, complications related to selection and observational effects (cf., Körding et al. 2006) .
In Fig. 6 , according to the visualization by Merloni et al. (2003, their Fig. 7) , we show the black-hole mass weighted 5 GHz luminosities versus soft X-ray luminosities in units of Eddington luminosity. The two panels correspond to RL (log R X > −2.5) and RQ (log R X ≤ −2.5) AGN. Our measurements are presented as black open squares in the RQ regime and the data points follow the Merloni FP relation (thin grey line, slope ζ RX = 0.6) closely. For comparison, we include the same data sets as for Fig. 5 . Additionally, we show data for lowluminosity AGN (LLAGN) of Yuan et al. (2009, violet downright triangles) and the data set of Merloni et al. (2003, grey asterisks) . The fit to the Yuan et al. (2009, dashed, thin violet line) LLAGN has slope ζ RX = 1.23 16 . The thin dotted and dash-dotted Furthermore, we present data from Hardcastle et al. (2009, stars) , for which the fraction of accretion related X-ray emission could be determined. The brown colored full stars correspond to the full X-ray and the brown open stars to the accretion related X-ray luminosities. Upper panel: Presented are RL objects, R X > −2.5, according to . The thick, dashed light grey line represents the fit of Li et al. (2008) to their RL BLAGN. Lower panel: Presented are RQ objects, R X ≤ −2.5, according to . The thick, dashed light grey line represents the fit of Li et al. (2008) (2006) and Li et al. (2008) find different correlation slopes for RL (ζ RX = 1.5 ± 0.08, ζ RM = −0.2 ± 0.1, C = 0.05 ± 0.1) and RQ (ζ RX = 0.73 ± 0.10, ζ RM = 0.31±0.12, C = −0.68±0.07) BLAGN, which are individually different from the relation found by Merloni et al. (2003) . We plot their correlations (RL, RQ) as thick dashed lines into the corresponding panel in Fig. 6 . The dependence on the black hole mass in their large sample is weak and only for RQ BLAGN with black hole masses 10 7.3 M ⊙ a clear positive trend is observed. Körding et al. (2006) , e.g., show that the Eddington ratio is an important ingredient, with strongly sub-Eddington objects following the FP relation much tighter. Hardcastle et al. (2009) demonstrate the importance of a proper separation of accretionrelated from jet-related X-ray emission. Based on X-ray spectral modeling, they found that the Merloni et al. (2003) relation lies much closer to the accretion-related X-ray luminosities of their sample. We demonstrate this finding by plotting their data, for which such a decomposition is possible. Brown filled stars represent the total X-ray luminosities, whereas brown open stars represent the corresponding accretion related X-ray luminosities. It appears that the current FP reflects a relation between accretion power and jet power, rather than the structural properties of (relativistic) jets (Hardcastle et al. 2009 ). Especially, low angular resolution, broad band X-ray data are prone to mixing effects (i.e. corona, jet, warm absorber, etc.), which complicates the interpretation. This is also true for our sample, which is based on the soft X-ray RASS data. Nevertheless, Li et al. (2008) study the relation between soft X-rays and the broad Hβ emission for their sample. They find a strong correlation and interpret it as a signature of the accretion process. Besides the different normalization, the slope of their correlation for RQ BLAGN is quite similar to that of Merloni et al. (2003) . At least, the RQ BLAGN appear to be accretion dominated.
As Hardcastle et al. (2009) and Yuan et al. (2009) show, a proper decomposition of the X-rays into jet-and accretionrelated components introduces considerably different distributions in diagrams like Fig. 6 . As soon as the sample chosen covers only a narrow range in radio loudness, then this results in a 'correlation' slope of unity. This is indicated by lines of log R X = constant in the Figure. At this point, without a proper accretion/jet decomposition, the FP does not appear to provide new information about the radio/X-ray connection. There is certain room for scatter, as indicated by the dotted and dot-dashed lines (dotted for log R X = −1.5 and dashed for log R X = −4.5), the upper ones corresponding to M • = 10 6 M ⊙ and the lower ones to M • = 10 10 M ⊙ . Similarly, as radio emission is produced by relativistic jets, Doppler boosting of the synchrotron radiation could significantly affect the observed radio flux densities, resulting in a vertical shift in the FP diagram. Li et al. (2008) investigate the influence of relativistic beaming on their BLAGN sample. They estimate the intrinsic (unbeamed) radio power with the observed Xray luminosity through the radio/X-ray correlation derived from RQ AGN only (their Fig. 13 ). Typically, BLAGN have boosting factors less than 30, whereas in the SDSS-based BLAGN sample, factors of up 1000 (which can only produced in BL Lac objects) are found. Nevertheless, for the majority of their sample having factors of 100, boosting alone is not sufficient to explain the observed larger radio powers of RL BLAGN (cf., Heinz & Merloni 2004) . Though, as discussed above, using soft X-ray luminosities of the RQ AGN might introduce uncertainties in the estimation of beaming factors. All this points towards a direction in which it is not straightforward to read of the distribution of data points the connection between X-ray and radio emission for given samples. In other words, the details of the sample selection and observation are essential.
Interestingly, for RQ AGN, at log L X /L Edd −1 there appears to be a limit in the Eddington-weighted X-ray luminosity in Fig. 6 . In this region, objects tend to have increased radio luminosities. This is clearly visible for the Li et al. (2008) BLAGN. As discussed by the authors, the soft X-ray luminosity likely reflects the accretion process, because of the tight correlation with the broad Balmer line luminosities. This could mean that the SMBHs are accreting most efficiently around their Eddington limit and the increased radio luminosity can then be attributed to (beamed) jet emission. Our higher angular resolution radio data together with the ROSAT data follow the same trend 17 . Nevertheless, we do not find indications for kpc-scale jets and we would require still higher angular resolution radio observations in order to associate beamed radio emission with high brightness temperatures (cf., Doi et al. 2007 ).
Summary
We have presented 18 cm MERLIN observations of 13 intermediate redshift X-ray bright AGN, four of which have also been studied at 18 cm with Western EVN. This work has been intended to be a pilot study to investigate the energetic components (i.e., starburst vs. active nucleus) in the nuclei of such AGN at high angular resolution.
Despite the variety of spectroscopic types (SY1, NLS1, LINER, BL Lac, and passive), the 18 cm emission is essentially compact in both MERLIN (on ∼ 500pc scales) and EVN maps (on ∼ 40 pc scales), with up to 50% of the lower-resolution VLA flux densities being resolved out by our interferometric observations. There are no indications for distinctive jets, except for a BL Lac object (9) and an FR-II QSO (object 11).
Based on various SFR indicators, star formation does not play a dominant role, and the compact radio emission is, therefore, most likely related to the AGN. However, we cannot discern between accretion or jet related radio emission at this point, because of the lack of spatial and spectral resolution both in the radio and X-ray domain.
Using the soft X-ray and 5 GHz luminosities, we placed our sample objects on the fundamental plane of black hole activity diagram (Fig. 6) . Our targets follow the general trends seen in the diagram of RQ AGN. Here we used the radio over X-ray luminosity ratio as an indicator for the radio loudness. Generally, the slope of the FP is related to a specific accretion/jet model. As discussed by several authors (e.g., Yuan et al. 2009; Hardcastle et al. 2009; Körding et al. 2006) , care has to taken when estimating accretion/jet related X-ray and radio fluxes for individual objects based on the FP. This, on the other hand, suggests that there is no simple interpretation of the FP without a proper disentangling of the accretion/jet components and consideration of object types (e.g., QSO, LLAGN, radio galaxy).
Our data lie close to the relation found by Merloni et al. (2003) , which describes properties of the jets rather than the accretion process. Higher angular resolution radio images at several frequencies, as well as hard X-ray spectra are required to study the emission processes in our sources in more detail and to better constrain their position in the fundamental plane diagram.
The eMERLIN upgrade will allow for significantly improved sensitivity for imaging (down to a noise level of a few µJy) and, correspondingly, to an increased sensitivity for extended emission. On VLBI level, the e-EVN project will provide similar improvements, but for much higher angular resolution. Such advancements are instrumental to further the characterization of the relevant emission components that might determine the location of AGN in the FP. nearby cooling cores (Böhringer et al. 2005) . The black hole mass, estimated from the [SII] line width (cf., Komossa & Xu 2007) , of about 3 × 10 7 M ⊙ , is somewhat less than those estimated for the brightest cluster central galaxies (10 8−9 M ⊙ , e.g., Rafferty et al. 2006; Fujita & Reiprich 2004) . In our MERLIN 18 cm images we detected two sources (4E [ast] and 4W[est] ) at the optical position of the galaxy (Fig.  3) . The two components are separated by about 0.
′′ 5, which corresponds to 1750 pc at z = 0.217. In the VLA archive, we found a 3.5 cm data set at an angular resolution (≈ 0.25 ′′ ) similar to that of our MERLIN image. Both components are detected at 3.5 cm, with F peak (E) = 28.78 ±0.07 mJy and F peak (W) = 0.60 ± 0.07 mJy. The EVN 6 cm image recovers both components, whereas in the EVN 18 cm image, we only detect 4E. The 18 cm limiting peak flux density of 4W is 1.4 mJy. Figure A .1 displays the continuum spectra of 4E and 4W. The MERLIN/VLA two-point spectral index α 18cm 3.5cm = −1.419 × log(S 3.5cm /S 18cm ) is 0.42 for 4E and 2.05 for 4W. The EVN two-point spectral index α 18cm 6cm = −2.0959 × log(S 6cm /S 18cm ) is 0.14 for 4E and < 0.58 for 4W. The eastern component has a relatively flat 18-6-3.5 cm spectrum. The western component is steeper, but flattens towards shorter wavelengths. The flat nuclear spectrum might be the result of a set of closely spaced homogeneous synchrotron components or optically thin bremsstrahlung in a disk wind (cf., Blundell & Kuncic 2007) . The SDSS image of the host galaxy is regular and shows no signs of a recent merger. Together with the steep spectral index, the western component does not appear to be a companion nucleus, but rather a jet component. This is consistent with an asymmetry seen in the central X-ray brightness distribution (Fig. 9 in Böhringer et al. 2005) , which might be the result of interaction between the radio jet and the hot cluster medium. Further conclusion are limited due to the fact that the EVN 18 cm data were hampered by bad weather. Further and deeper radio data are required to study the impact of the potential radio jet onto the surrounding environment. SDSS J010649.39+010322.4 (5): This LINER galaxy lies at the heart of the galaxy cluster RXC J0106.8+0103 or Zw 348 (e.g., Ebeling et al. 2000; Böhringer et al. 2000) . In this cluster, the AGN is expected to be a major contaminant of the overall X-ray emission (Böhringer et al. 2000) . However, from the small R X and R * values in Fig. 5 , it can be seen that the Xrays still appear to be dominated by the cluster emission. The FIRST image reveals a slight extended emission component to the southeast in addition to the compact core (the extend parameter θ FIRST ≈ 1.3), which, being barely above the noise level, could be an indication for a jet component. Our MERLIN image does not reveal any extended emission, since it might resolve out faint extended emission. This galaxy is also luminous at UV wavelengths (based on GALEX data). It lies on the boundary of between large UV luminous galaxies (UVLGs) and compact UVLGs as defined by Hoopes et al. (2007) . Large UVLGs are principally normal galaxies, but are very luminous primarily because of their large size. Compact UVLGs, on the other hand, are low mass, relatively metal poor systems that often have disturbed morphology. These systems are characterized by intense ongoing star formation. Hoopes et al. (2007) estimate the SFR by SED fitting. S FR UV ≈ 2.4 is compatible with our FIRST estimated SFR (Tab. 3). Our MERLIN results show a much smaller SFR, which indicates that the star formation is significantly extended throughout the host and is resolved out by the interferometer. The increasing brightness temperature at MERLIN angular resolution indicates for an AGN/jet origin of the unresolved emission.
SDSS J074738.38+245637.3 (6): This early-type Seyfert 1 has a companion SDSS J074738.25+245626.1 at z = 0.131. Low surface-brightness features in the SDSS images are located between the two galaxies. Gravitational interaction could therefore be responsible for the SFR of ∼ 50M ⊙ yr −1 estimated from the large aperture data. MERLIN appears to resolve out a fraction of about 80% of the FIRST emission. The resulting SFR estimate is comparable to the [OII] one, which is about 10M ⊙ yr −1 . This is the most radio quiet source of the sample, and with the MERLIN measurement it becomes even more radio quiet, log R * MERLIN ≈ −0.2. The X-ray luminosity is typical for Seyfert 1 galaxies, which in turn indicates that only a small fraction of the MERLIN flux density is related to star formation, in order to follow the X-ray/radio correlation. MERLIN probes galactic scales of ∼ 450 pc, whereas the 3 ′′ diameter SDSS fiber probes a region of about 7 kpc diameter. This suggests that the [OII] luminosity might be related to the extended, resolved out FIRST radio emission. Higher angular resolution radio observations are required to resolve this issue. SDSS J030639.57+000343.1 (7): This NLS1 has a spiral morphology. The galaxy is possibly a member of a group, with a projected distance of about 110 kpc to the nearest neighbor. It has a redshifted [OIII] λ5007 emission line (∼ 46km s −1 ), which, as discussed above, indicates for a complex narrow-line region kinematics (Boroson 2005) .
SDSS J081026.07+234156.1 (8) : Whalen et al. (2006) classified this AGN as an NLS1 galaxy. Its optical appearance is compact. It is the radio faintest object in our sample. With the MERLIN measurement, it becomes the second most radio quiet AGN, log R * MERLIN ≈ 0.3.
